Abstract: This study was planned to determine biometric features and relationships between them in blood cockle, Scapharca inaequivalvis, a benthic exotic bivalve species of the Black Sea, Turkey during a period of 12 months. Over the study, 4,543 samples were collected and their shell length (SL), width (SWi), thickness (ST) and weight (SWe), as well as total (TW) and meat weights (MW) were measured. SL changed between 0.45 and 7.18 cm with an average value of 3.77 ± 0.02 cm. Average TW of the samples was 22.37 ± 0.26 g. Average MW of S. inaequivalvis was calculated as 10.66 ± 0.32 g with a rate of 26.85% of TW. The findings obtained showed that monthly measurements of SWe and MW had a small variation. On the other hand, monthly ST varied greatly. SL and SWe increment (%) models were also generated according to SL classes using regression analysis. Correlation and cluster analysis showed that MW had a weak association with other variables. The strongest correlation was between ST and SWe in October (R 2 = 1.0). The results present valuable information for this exotic species but more studies are required to better understand its biological characteristics and long term effects on the ecosystem.
Introduction
Scapharca inaequivalvis (Bruguière, 1789), belonging to Arcidae family, is also known as Anadara inaequivalvis (Bruguière, 1789), Anadara cornea (Reeve, 1844), Arca inaequivalvis (Bruguière, 1789), Arca cornea (Reeve, 1844), and Arca rufescens (Reeve, 1844) (Şahin et al. 2009 ). This species being of Indo-Pacific origin was transferred to the Adriatic Sea via ballast water, and then found in the Aegean and Black Seas (Şahin et al. 2009 ). The first record in the Black Sea was made from Bulgaria (Zolotaryov & Zolotaryov 1987) . Previous studies on this species have dealt with population parameters in the Adriatic Sea (Mistri et al. 1988) , growth and survival of individuals in the Aegean Sea (Acarlı et al. 2012) , structure of its population in the East Black Sea coasts, Turkey (Şahin et al. 1999, 2006) , environmental interaction and reproductive biology in North Black Sea coasts, Russia (Kolyuchkina & Miljutin 2013) and hemolymph contents in specimens from the Adriatic Sea (Vismann 1993) . Although a number of studies have been carried out on morphometric features of bivalves (Franz 1993; Fuiman et al. 1999; Tunçer & Erdemir 2002; Gaspar et al. 2002; Cabral & Silva 2003; Faulkner 2010) , there is no investigation in S. inaequivalvis.
Although being a high value species and widely consumed in the Far Eastern countries such as China, Malaysia, Thailand and Korea, it is not commercially exploited in Turkey (Acarlı et al. 2012) . S. inaequivalvis in the Black Sea is considered to have a high export potential, like rapana, Rapana venosa (Valenciennes, 1846) . Moreover, the species is invasive in the Black Sea and hence, should be continuously monitored for a sustainable fishery.
The present study was aimed to determine shell morphometry and meat percentage of S. inaequivalvis, which has a future commercial value in the Black Sea, Turkey.
Material and methods
The study was conducted by monthly samplings in the Middle Black Sea (41
• 08 44 N, 37
• 10 29 E -40
• 57 28 N, 38
• 06 57 E) between November 2011 and October 2012. The samplings were made from 3-15 m depths by the SCUBA method. Collected specimens of S. inaequivalvis were put into 10 L drums filled with sea water and then transferred to the laboratory of Faculty of Marine Science, Ordu University. The specimens were kept in sea water until measurement. Shell length (SL), shell width (SWi) and shell thickness (ST) were measured with digital calipers to the nearest 0.1 mm. Total weight (TW), meat weight (MW) and shell weight (SWe) were taken with an electronic balance of 0.01 g accuracy. The SL-TW, SL-SW2 and SL-MW relationships were determined using the equation of W = a SL b . Linear relationships between SL and SWi and ST were also analyzed (Le Cren 1951; Pauly 1980; Erkoyuncu 1995) .
The SL and TW of the individuals were selected for determination of growth performance using the formula below (Ricker 1975) . 
Statistical analysis
Normality of the data was checked using the KolmogorovSmirnov and Shapiro-Wilk's tests, depending on the sample size (the former when >2000, whereas the later in case <2000). Since the data collected were not normally distributed, monthly values were compared using the MannWhitney U-test. Monthly and combined variables were analyzed with the Spearman correlation analysis to search for relationships among them. Hierarchical ward cluster analysis after Z score correction was used to determine closely related variables (Lopez et al. 2004; Tunca et al 2013) . Further relationships among the variables were searched using the regression analysis. All the statistical analysis was conducted using the Excel and SPSS 19v.
Result and discussion
Numerous efforts have been devoted to understand the population status and structure in various invasive bivalve species using morphometric characteristics (Bodis et al. 2011; Kamburska et al 2013; Tlig-Zouari et al. 2010 ). However, environmental and ecological factors can lead to morphological variations in individuals of the same species that live in different ecosystems (Bellaaj-Zouari et al. 2012 ). This situation is particularly important for species that have a high ecologic tolerance like invasive species. Zolotarev (1996) denoted three species, S. inaequivalvis, Rapana thomasiana (= R. venosa) and Mya arenaria L., 1758 as having a potential to change the Black Sea ecosystem. In the present study, totally 4,543 S. inaequivalvis individuals were sampled. SL changed between 0.45 and 7.18 cm with an average value of 3.77 ± 0.02 cm. Average TW of the samples was 22.37 ± 0.26 g (Table 1). Şahin (1999) , who conducted a study in the Eastern Black Sea, determined average SL and SWe as 3.93 cm and 24.8 g, respectively. In the same study, minimum and maximum SL were found as 0.5 and 8.5 cm (Şahin 1999) . In another study, Şahin et al. (1999) reported minimum and maximum SL as 2 and 6.9 cm, respectively. The findings of the present study in terms of SL and SWe are in parallel with those reported from the Black Sea by Şahin (1999) and Şahin et al. (1999) . Similarly, Stern-Pirlot & Wolff (2006) determined average SL of Anadara tuberculosa, which belongs to the same genus of S. inaequivalvis, as 4.64 cm.
Average MW of S. inaequivalvis was calculated as 10.66 ± 0.32 g with a rate of 26.85% of TW. In other words, 1 kg of meat can be obtained from about 3.7 kg live weight of S. inequivalvis. Previous studies in another species, A. tuberculosa, in Costa Rica (Cruz & Palacious 1983) and Colombia (Squires et al. 1975) reported the percentage of meat as 20% and 36%, respectively. These researchers pointed out an inverse relationship between MW and SL. Tunçer & Erdemir (2002) found average TW and MW of Chamelea gallina (L., 1758), belonging to a different genus, as 6.84 ± 1.09 g and 1.56 ± 0.24 cm, respectively, resulting in a meat percentage of 23%. Monthly biometric measurements of S. inaequivalvis and their statistical differences are presented in Table 2 . A closer look at the monthly MW reveals that average weight was 14.53 g in May with a minimum value of 6.34 in December.
A comparison of monthly values with each other exhibited that the least differences were found among SWe and MW. Conversely, the biggest variation in monthly values was found for ST. Minimum SL, SWi, ST and TW were determined in August and December. The differences between these two months for these parameters were statistically comparable but they were significantly lower than the remaining months. However, SWe and MW were different between these two months. MW in October and December and SWe in July, October, December and January were significantly lower than those obtained in remaining months.
High SL, SWi, ST and SWe values were obtained in November, January, February, March, April, June and July. These values were similar to each other in these months but they were significantly higher than the other months. There was not a big variation throughout the year in terms of SWe and MW. Moreover, SWe in October were not statistically different than the remaining months.
Correlation coefficients among monthly or annual variables were quite high (Table 3) . It should be underlined, however, that big sample sizes could make small difference among the correlations significant. The correlations in August appeared to be smaller. The weakest correlation in this month was seen between MW and SWi (R 2 = 0.612). The strongest correlation was between ST and SWe in October (R 2 = 1.0). When all data were combined and analyzed for annual period, strongest and weakest correlations were determined between TW and SWe (R 2 = 0.991) and between MW and ST (R 2 = 0.935). Correlations among the biometric parameters are of particular significance in terms of understanding of smoothness of organism shell structure. Lodola et al. (2013) found weaker correlation between variables in 
Shell width a,c,d,e,g,h L j,k,a,b,c,d,e,f,g,h,i Meat a,d,e,f,gİk,l,a,c,e J a,d,e,f,g,h K l,a,c,d,e,f,i L k,a,b,c,d,e,f,i Explanations: Superscript and capital letters denote comparisons between two months (a capital and a superscript). There is no statistical difference between a capital letter and each superscript letter (P < 0.05). A -November, B -December, C -January, D -February, E -March, F -April, G -May, H -June,İ -July, J -August, K -Septembre, L -October. Pinctada imbricata radiata (Leach, 1814) than in the species in the present study; i.e., it was R 2 = 0.95 between SL and SWi, R 2 = 0.87 between SL and ST and R 2 = 0.91 between SWi and ST, suggesting that S. inaequivalvis has a smoother shell structure. A comparable set of relationships among the parameters to the present study was reported for Amiantis umbonella (Lamarck, 1818) by Babaei et al. (2010) . Cluster analysis revealed very close relationships between SL and SWi (3.828), ST and SWi (3.958), and ST and TWe (3.842) (Table 4) . However, there appeared to be weak relationships of MW with other variables (Table 4 , Fig. 1) , a tendency very similar to that presented by the correlation analysis. For instance, relationships of MW with SW and ST were highly small (7.476 and 7.339, respectively) .
Correlation analysis of combined values (12 months) revealed that the weakest relation of the variables was with MW. Despite a similar pattern in results of correlation and cluster analysis, high correlation co- Length distribution of specimens collected over the study period showed that 59.2% of S. inaequivalvis were in a range of 3 to 4.9 cm (Fig. 2) . According to SL and TW distributions and growth rates, highest length and weight growth (90.54% and 790%, respectively) occurred in 1.0-1.9 cm class individuals (Table 5) . A higher length growth rate with 153% was reported in June by Acarlı et al. (2012) . This discrepancy could be due to the fact that the former had been conducted in a Mediterranean lagoon, a system which is considered as being highly rich in nutrients and having higher temperature. In addition, several environmental factor such as water temperature and turbidity (Broom 1982) , salinity (Ivanovici et al. 1982; Broom 1985) and contamination (Din & Ahamad 1995) have been shown to affect growth in Anadara spp. populations.
Weight and length growth rates were related with length classes (Figs 3, 4) . Both growth types seemed to be closely but inversely correlated with the size classes. Furthermore, growth of S. inaequivalvis decreased with the increase of size classes and almost plateaued after 5-6 cm.
In the current study, equation of length-weight relationship was found as TW = 0.245SL 3.158 (R 2 = 0.989, n = 4543) (Fig. 5) .
Exponential relationship of SL with TW, SW and MW, and linear relationship of SL with SW and ST are presented in Figs 6 and 7. The strongest interaction was found between SL and TW (R 2 = 0.989) (Fig. 5) while the weakest between SL and MW (R 2 = 0.947) (Fig. 6 ). Şahin (1999) found SL-TW relationship as W = 0.0002 L 3.058 in the Black Sea. The relationship was estimated as W = 0.197 L 3.095 (R 2 = 0.96) in the Ýzmir Bay by Acarlı et al. (2012) . These equations are consistent with our finding. The relationships found for the same genus in the literature are summarized in Table 6 .
In aggreement with our study, coefficients of "b" have been reported to change between 2.581 and 3.295 in the literature. These data imply that S. inaequivalvis has a similar growth pattern to other species of Anadara. 
Conclusion
Biology and ecological relationships of the invasive bivalve species S. inaequivalvis in the Black Sea should be constantly monitored. The present results in terms of meat yield indicate that high value and currently underexploited S. inaequivalvis is thought to be an important exportation commodity in the region. High correlations among the biometric parameters show that the species has a very smooth shell structure. However, a weak association of MW with other variables should be underlined in this species. The present study sheds light on the future studies in S. inaequivalvis in the Black Sea.
